In 117 consecutive patients with carpal tunnel syndrome and 11 patients with a compression syndrome of the median nerve at elbow, motor and sensory conduction along the median and ulnar nerves and quantitative electromyography were compared with findings in 190 normal controls of the same age. In 25% of patients with carpal tunnel syndrome in whom motor conduction and EMG were normal, the lesion was located from abnormalities in sensory conduction. The fact that conduction along the same fibres was moderately slowed from digit to palm, severely slowed across the flexor retinaculum, and normal from wrist to elbow indicates that slowing was due to demyelination at the site of compression. Fifteen per cent of the patients with carpal tunnel syndrome had clinical and electrophysiological signs of ulnar involvement. In the other patients conduction along the ulnar nerve was as in 100 normal controls. Compression at the elbow was located by electromyographical findings rather than by abnormalities in conduction.
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The two main sites of entrapment of the median nerves are at the wrist-that is, carpal tunnel syndrome originally described by Ramsay Hunt (1911 , 1914 , at the elbow-that is, pronator syndrome or anterior interosseous nerve syndrome originally described by Seyffarth (1951) and Kiloh and Nevin (1952) . In carpal tunnel syndrome Simpson (1956) showed that nerve conduction was often slowed distal to the wrist (references in Gilliatt and Sears, 1958; Thomas and Fullerton, 1963; Buchthal and Rosenfalck, 1971b) . In three of the four patients examined with anterior interosseous nerve syndrome motor conduction was normal (Farber and Bryan, 1968; Vichare, 1968; O'Brien and Upton, 1972) .
Whether or not slight slowing of nerve conduction can be detected early depends on (1) the scatter of findings in normal subjects, and (2) the length of nerve with normal conduction in series with the section with slowed conduction.
1. In view of the unusually large scatter of motor and sensory latency in normal median nerve (Hongell and Mattsson, 1971) we are presenting data on motor and sensory conduction 340 in a large group of normal subjects under standardized conditions. We have evaluated whether findings in median compared with those in ulnar nerve in the same patient allow mild or borderline cases of entrapment at the wrist to be recognized (Loong and Seah, 1971) .
2. We have previously shown that slowing along the median nerve could be demonstrated from palm to wrist in patients with clinical signs and symptoms of carpal tunnel syndrome when conduction from digit to wrist and motor latency were normal (Buchthal and Rosenfalck, 1971b) . The present study extends these observations in a larger series of patients.
To record sensory potentials at wrist and at elbow in all patients, the signal-to-noise ratio was improved by using a near-nerve electrode and by averaging many responses (Buchthal and Rosenfalck, 1966a) . In this way information was obtained on the conduction of sensory potentials along all segments of the nerve.
3. We have tried to elucidate the mechanism of slowing in conduction by studying the transmission of sensory potentials along fast and slow fibres across the region of entrapment as well as Electrophysiological findings in entrapmenti of the median nerve at wrist and elbow proximal and distal to it. If conduction is normal or nearly so in segments of the nerve proximal and distal to the wrist, slowing is due to a local process rather than to loss of large fibres. Motor conduction is of little help in this problem, because it is normal in about a quarter of the patients with entrapment at wrist (Thomas et al., 1967) and because prolonged distal latency was often associated with lesser slowing along the proximal segment of the nerve (Thomas, 1960; Ebeling et al., 1960; Kaeser, 1963; Thomas et al., 1967, Buchthal and Rosenfalck, 1971b) .
4. The occasion was taken in a large series of patients with a carpal tunnel syndrome to analyse how partial denervation manifests itself in the parameters of voluntarily initiated and spontaneous electrical activity of muscle.
5. Finally, we report the nerve conduction and electromyographic manifestations of entrapment of the median nerve at elbow. n 300O 600
METHOD
The procedures used for recording sensory and motor conduction have been deswribed (Buchthal and Rosenfalck, 1966a , 1971a , 1971b Wagner and Buchthal, 1972) .
To stimulate sensory fibres maximally with surface electrodes the current was 50-70 mA or more, with needle electrodes it was 20-30 mA (0-2 msec). Further increase in stimulus current increased neither the amplitude nor the number of slow components of the response. To stimulate motor fibres the current was 5-7 mA, 10 times the weakest current which just evoked a muscle action potential.
To record from sensory nerve fibres at the wrist and elbow or to stimulate motor fibres a stainless steel needle with a bared tip of 3 mm was placed near the nerve at a standard distance from it by adjusting it until the threshold of the motor response was 0 5-0-8 mA. In patients with entrapment of the median nerve at the wrist action potentials evoked in m. abductor pollicis brevis or in the muscles of the hypothenar eminence served as indicators of motor conduction. A concentric electrode (0 07 mm2 tip area) placed in the endplate zone or an 80 ,u stainless steel wire placed transversely through the centre of the belly of the muscle was used for recording (Wagner and Buchthal, 1972) . The response amplitude recorded with a wire electrode was on the average half of that recorded with a concentric electrode.
The amplifier used to record sensory potentials had low noise and short blocking time (Andersen and Buchthal, 1970 (60 ,usec/point) .
The terminal components of the potential were identified from noise by their shape and when they increased in size with the number of responses sampled as did a calibration signal (Fig. 1) . The slowest components were verified when they were reproduced in consecutive samplings-that is, when nerve stimuli were repeated and the responses were averaged 500, 1,000, and 2,000 times. The reproducible pattern of potentials indicates that the slow components originated from slowly conducting fibres and not from repetitive firing. Repetitive firing was demonstrated in motor fibres (Kugelberg and Cobb, 1951) and in carpal tunnel syndrome the pattern of repetitive firing varied from stimulus to stimulus (Simpson, 1956) .
The maximum sensory conduction velocity was determined from the latency to the initial positive Increase in motor latency with increasing distance of conduction from wrist to m. abductor pollicis brevis in 182 normal subjects. The latencies were corrected to 50 years of age (Fig. 10) Electrophysiological findings in entrapment of the mediaii nerve at wrist and elbow peak of the potential, which may or may not be the main component. The minimum conduction velocity was determined from the latency to the peak of the last component distinguishable from noise in the averaged response (500-1,000 responses).
Motor conduction time was determined from the latency to the initial deflection from the base line of the muscle action potential.
Abnormalities were evaluated by comparison with findings in large groups of normal subjects. To accept a finding in the individual patient as abnormal we require a 9900 probability that the finding does not occur in normals of the same age (upper or lower 99%0 confidence limit).
The confidence limits of amplitude were the same whether determined from the cumulative frequency distribution or from the standard deviation log amplitude.
The ratio of sensory velocity and motor latency in the median and ulnar nerve in patients with carpal tunnel syndrome was compared with that in normal subjects (see Figs 4, 10, 11). The normal variation from subject to subject was obtained in 17 subjects in whom both nerves were examined. Deviations outside the 9500 confidence limit were considered abnormal.
SOURCES OF ERROR Errors important in the context of this study are as follows:
1. The electrode placed near the median nerve invariably picked up a potential from the radial nerve when digit I was stimulated. Ordinarily the response from radial nerve did not obscure the onset of the potential from median nerve (Buchthal and Rosenfalck, 1971b) .
2. When the sensory potential was split up in many components there could be uncertainty as to whether maximum conduction velocity should be calculated from the latency of the first component even when it was smaller than subsequent ones. This uncertainty was observed only when there was marked slowing from digits to wrist, and then both the first and the larger component were so much delayed that conduction velocity, no matter how calculated, was much slower than normal. The uncertainty could be more disturbing when velocity was calculated from wrist to elbow, since components differing in latency may represent different fibres at wrist and at elbow (see Fig. 8 ). Calculated from the latency of the first component, nine of 144 conduction velocities from wrist to elbow were faster than ever found in normal nerve and hence erroneous.
3. When m. abductor pollicis brevis was completely denervated the electrode was placed near the nerve at wrist in the following way: (a) An electrode was placed near the median nerve at elbow by adjusting it to the lowest threshold of the action potential in the flexor muscles of the forearm. (b) Stimuli were applied to the median nerve at the wrist adjusting the electrode at wrist to maximum response amplitude of the nerve action potential at the elbow. In this way a sensory potential was recorded from the median nerve at the wrist in the nine patients in whom m. abductor pollicis brevis was completely denervated.
4. An antidromically activated sensory potential may be picked up by the electrode in m. abductor pollicis brevis and obscure the onset of the muscle action potential (Gutmann, 1969; Mavor and Shiozawa, 1971) . The sensory potential is conducted in volume from the palmar branch of the thumb (Fiaschi, 1973) .
5. When the stimulus at the wrist spreads to the ulnar nerve the electrode in the thenar eminence may pick up a potential of normal latency originating from ulnar-innervated muscles. A stimulus at the elbow activates only the median nerve, the latency to the abductor pollicis brevis muscle being prolonged. The conduction velocity from elbow to wrist will then be calculated erroneously as too slow.
6. Communication between the median and the ulnar nerve in the upper part of the forearm is present in about 15% of persons (Mannerfeldt, 1966) and causes a stimulus of the median nerve at the elbow to activate an ulnar-innervated muscle in the thenar eminence with a shorter latency than that of m. abductor pollicis brevis. The potential in the ulnarinnervated muscle is picked up by the electrode in m. abductor pollicis brevis. When the latency from the wrist to m. abductor pollicis brevis is prolonged in the face of normal latency from the elbow, the potential has passed from the elbow via an anastomosis along the ulnar nerve. Under such conditions calculation of conduction velocity from elbow to wrist will give unreasonably high values. The anomaly can be easily detected by recording from the hypothenar eminence when the median nerve is stimulated at the elbow.
7. The latency to the onset of the muscle action potential increased with the distance between the stimulating cathode at the wrist and the recording electrode in the muscle (Fig. 2 , P< 0 001, corrected to 50 years of age).
In the median nerve the slope of the regression line was 0-18 corresponding to a conduction velocity of 56 m/sec; this is 5 m/sec below the velocity from elbow to wrist at 50 years of age.
In this report latencies were corrected to a standard distance of 6 5 cm for the median and 7 0 cm for the ulnar nerve (Wagner and Buchthal, 1972 In patients with entrapment of the median nerve at the elbow, m. flexor digitorum sublimis, m. flexor digitorum profundus, m. flexor pollicis longus, and m. abductor pollicis brevis were examined.
The following electromyographic parameters were used: (1) A pattern of discrete electrical activity during full effort indicates loss of motor units (Buchthal and Clemmesen, 1941) . (2) Sacco et al. (1962) . A deviation exceeding 20% in duration was abnormal (P < 0 05). (3) An increased incidence of polyphasic potentials (more than four phases). Among 20-30 motor unit potentials in normal muscle three may be polyphasic corresponding to an upper limit of normal of 12% (P <005, Caruso and Buchthal, 1965) . (4) The number of sites within a muscle with fibrillation potentials or positive sharp waves. Two or more such sites outside the end-plate zone indicate denervation (Buchthal and Rosenfalck, 1966b) . (5) The number of sites with fasciculation potentials (Trojaborg and Buchthal, 1965) nerve, 60% had pain and half had decreased senEleven patients had signs and symptoms suggestive sitivity to touch and pin-prick.
of unilateral entrapment of the median nerve at Eighteen patients had clinical signs and symptoms elbow. In four the cause was trauma, in seven it was of involvement of the ulnar nerve in addition to unknown. All complained of pain of acute onset in affection of the median nerve.
the volar aspect of the elbow and the forearm, On examination all patients showed diminished force in the distal phalanx of the thumb and digit II (m. flexor digitorum profundus); six had weakness of digit III as well, and in four force in the superficial flexor and abductor pollicis brevis muscles was also diminished.
Sensation of touch and pinprick was diminished in six patients, localized in four to digits I to III, in two to the palm of the hand.
CONTROLS The normal values of sensory and motor conduction velocity in the median nerve were based on findings in 190 normal subjects, including 47 investigated by Nielsen (1973) . Data FROM DIGITS I AND III Sensory conduction velocity was determined both from digit I and from digit III to the wrist because these branches may be affected differently. The cutaneous fibres from digit I and from the first, second, and third interspace lie in separate funiculi within the median nerve up to 2 cm proximal to the radial styloid line (Sunderland, 1945) . Moreover, the transverse carpal ligament often contains a separate tunnel for the passage of the thenar branch (Johnson and Shrewsbury, 1970) . This arrangement may explain why partial transection of the nerve may spare the cutaneous fibres from digit I (Fig. 3 ) and the muscular branch to the thenar eminence, and why the fibres from digit I may be more affected than those from digit III. .,r-^0 digit I as digit III (P < 0-001). Howevei patients the amplitude was outside ti confidence limit when stimulating one d within it when stimulating the other digi patients the amplitude was normal bot stimulating digit I and digit III; in 17 ( maximum conduction from digit to wi normal as well; the only abnormality in conduction was then slowing from the I the wrist (Buchthal and Rosenfalck, 197 Slow components of sensory potential e were analysed in 56 patients. That parn sensory potential that normally is a smo triphasic spike with a duration of 1-2-1 was split up into [5] [6] [7] [8] [9] [10] (Fig.  7) . The increased temporal dispersion corresponds to a slowing in minimum velocity (normal mean 16 m/sec, 9500 confidence limit 12 m/sec). The minimum velocity could be as slow as 4-7 m/sec.
At the average latency of the slowest component in normal nerve, the amplitude was 0-2-3 ,uV, 4-60 times greater than the slowest components in normal nerve (0 05-01 ,uV). In half the nerves in which the potentials were abnormally split up, the first burst of potentials was followed by one or two separate bursts several msec apart (Figs 7, 8 ).
Che rise Maximum velocityfrom wrist to elbow This was ne-third obtained in 81 forearms (stimulus to digit III), including 69 hands with severe slowing from digit to wrist. The proximal velocities lay around the average for normal nerves, and all except two were within the 9900 confidence limit (Fig. 4) .
pv
Proximal sensory conduction velocity, though + within the range of normal, tended to be the lower, the slower the proximal motor conduction ] 0.1 pV (P <0-05, velocities normalized to 50 years of age). At the elbow the amplitude of the sensory potential was two-thirds that at the wrist. When the response at the wrist was 1-4 uV in amplitude ] 01 V and consisted of four or five initial spikes followed by small components, the general appearance of the potential at the elbow was the same, but consisted of six to eight initial components (Fig. 8) (Fig. 9, right) , indicating that the same fastest fibres conducted slower from digit III to the palm than from the wrist to the elbow. The localized slowing confirms previous findings in a smaller group of patients (Buchthal and Rosenfalck, 1971b 2. In two-thirds of 69 patients the velocity from elbow to wrist was below the average of normal, but it was below the 990 confidence limit in only 14 (Fig. 4) (Thomas, 1960; Kaeser, 1963; Thomas et al., 1967, Buchthal and Rosenfalck, 1971b) . A long distal latency was sometimes, but not always, associated with proximal slowing in motor fibres. Only 11 of 23 patients with distal motor latency of 6 msec or longer had proximal conduction velocity of less than 52 m/sec (below the 990 confidence limit). In the 18 patients with clinical findings suggestive of ulnar nerve involvement as well as slowing along the median nerve across the retinaculum, the electrophysiological examination of the ulnar nerve showed one or several of the following abnormalities: (1) Amplitude of the sensory potential at the wrist diminished to less than half of normal (16 patients). In these patients the site of the lesion of the ulnar nerve was probably at the elbow. (2) Slowing in sensory conduction from digit V to the wrist (below the 9900 confidence limit in two patients, below the average of normal in 14 patients (Fig. 11) ). (3) Slowing in sensory conduction from below to above the cubital sulcus at the elbow in those six patients in whom proximal velocity was determined along the ulnar nerve. (4) Prolonged motor latency from the wrist to the muscles of the hypothenar eminence (two patients). (5) Abnormalities in the electromyographic examination of the muscles of the hypothenar eminence in the 11 patients in whom these muscles were studied.
RATIO OF FINDINGS IN MEDIAN AND ULNAR NERVE
In patients with distal slowing in sensory or motor fibres of the median nerve the ratio of sensory velocity or ofmotor latencyin the median and in the ulnar nerve is obviously altered as long as conduction in the ulnar nerve is normal. The question arises whether the ratio can help to detect abnormalities in the median nerve when sensory velocity from digits to wrist or distal motor latency or both were borderline.
The diagnostic yield of the ratio was tested in those 23 patients in whom there was uncertainty because one or both velocities from digits to wrist were above the 9900 confidence limit (Fig. 12) . Only in seven patients was the ratio outside the range of normal (P < 0-05) for at least one of the digits. In three patients the ratio was normal on account of slowing along the ulnar nerve. In the same 23 patients the ratio of amplitudes of the sensory potentials was unsuitable as a criterion of abnormality in borderline involvement because of the considerable scatter of the amplitudes in normal nerve.
The diagnostic yield of the ratio of motor latency in the median and ulnar nerves was tested in 17 patients in whom the motor latency from the wrist to m. abductor pollicis brevis was below the 9900 confidence limit (Fig. 12) after surgical division of the flexor retinaculum. Pain and paraesthesia had disappeared within the first month after decompression. The rate of recovery in sensory and motor conduction confirms findings of previous studies (Goodman and Gilliatt, 1961; Thomas et al., 1967; Kemble, 1968; Hongell and Mattsson, 1971) . Three patients were reinvestigated distal to the site of compression 15, 30, or 40 days postoperatively (Fig. 13) . As early as 15 days after decompression the velocity from palm to wrist had increased by 10 m/sec. The slow components had longer latencies and higher amplitudes than before decompression, the minimum velocity decreasing from 10 to 7 m/sec in the one patient and from 12 to 6 m/sec in the other. 1. Pattern of discharge duringfull effort In half the muscles examined there was discrete activity indicating loss of many motor units. It was present in all muscles whose force was graded at less than 4 but even in 27% of muscles graded at force 5 (Medical Research Council, 1943) . Onethird of the muscles had an interference pattern during full effort.
2. Mean duration and amplitude of motor unit action potentials The mean duration was prolonged by more than 20% of normal (P < 0 05) in half the muscles; in none was it decreased. Prolonged mean duration was more frequent in muscles with a discrete pattern of discharge (51 %) than when there was an interference pattern (1 I%). It was twice as frequent in patients whose symptoms had lasted for more than two months, thereafter the incidence was independent of duration.
The mean amplitude of motor unit potentials was increased by more than 5000 in one-fourth of the muscles examined; nearly all had a pattern of discharge which indicated severe or moderate loss of motor units.
3. Incidence of polyphasic potentials In 60% of the muscles more than 12% of motor unit action potentials were polyphasic (P < 0 05).
Polyphasia was found as often in muscles with normal as in those with prolonged mean duration of motor unit potentials. Though polyphasia was more apt to occur when a discrete pattern of discharge indicated loss of many motor units, yet half of the 30 muscles with an interference pattern showed more than 12% polyphasic potentials.
4. Spontaneous activity (a) Half the muscles showed fibrillation potentials, positive sharp waves or both in two or more sites of the muscle outside the endplate zone. In the muscles with these signs of denervation 69% showed both fibrillation potentials and positive sharp waves, 28% only fibrillation potentials, and 300 only positive sharp waves. Fibrillation potentials and positive sharp waves occurred twice as often in muscles with a pattern of discrete activity during full effort as in muscles with an interference pattern. Nevertheless, 3000 of muscles with a normal pattern of discharge during full effort showed fibrillation potentials, positive sharp waves or both. Fibrillation and positive sharp waves were recorded as often in muscles with as without prolonged mean duration of motor unit action potentials and with or without an increased incidence of polyphasic potentials. Fibrillation potentials were the only electromyographic abnormality in 700 of the muscles. They occurred equally often in muscles of patients whose symptoms had lasted less and more than six months. (b) In 18% of muscles fasciculations were recorded at several sites and in 6% one or several 'pseudomyotonic' bursts.
5. Relation between electromyographic findings and distal motor latency A pattern of discrete activity during full effort was found in more than half the patients with prolonged latency and in 9000 of those with a latency of 8 msec or longer. Sixty per cent of muscles with an abnormal latency showed fibrillation potentials or positive sharp waves as compared with 3000 of muscles with a normal latency. Neither the mean duration of motor unit potentials nor the incidence of polyphasic potentials was related to the motor latency.
6. A pattern of discrete activity during full effort was recorded in one-third of the patients with mild or borderline slowing in sensory conduction as compared with two-thirds of the patients with marked slowing.
ELECTROMYOGRAPHY OF 25 MUSCLES OF THE
HYPOTHENAR EMINENCE In 14 patients without clinical signs of ulnar nerve involvement the muscles of the hypothenar eminence were studied. The pattern of discharge was normal, as was the mean duration of motor unit action potentials. One patient had fibrillation potentials n n n n n a a n a o n abd.poll.brev. n n n n a a n n a o n Latency to flex. dig. prof. n n o o n n a a n o n flex. dig. subl. n n n n n n n a n o n abd. poll. brev. n n n n n n n n a 0 n Sensory cond.
below-above elbow n n n n n n n n o a a (Table) . There was discrete activity of diminished amplitude during full effort (< 1 mV) in eight and one or the other muscle was completely denervated in three patients. There were fibrillation potentials and positive sharp waves in five or six sites of the muscles. The superficial flexor digitorum muscle was affected in four patients. The abductor pollicis brevis muscle had an interference pattern of discharge of normal amplitude during full effort (eight patients) the only abnormality being fibrillation potentials in three.
DISCUSSION PATIENTS WITH CARPAL TUNNEL SYNDROME
The electrophysiological diagnosis of carpal tunnel syndrome poses difficulties (1) when distal motor latency is normal; (2) when sensory conduction along the median nerve from digits to wrist is normal; (3) when the amplitude of the sensory potential is so reduced that conventional recording does not reveal a sensory potential; and (4) when there is involvement of the ulnar nerve in addition to an entrapment of the median nerve. Distal motor latency was normal or borderline in one-fourth of our patients with clinical and other electrophysiological signs of carpal tunnel syndrome. To identify an abnormal latency, findings in the individual patient were compared with the average of normal subjects of the same age (Fig. 10) . If we had used the average from subjects 40-60 years of age, a prolonged latency in a 20 year old patient might not have been recognized. The distal motor latency increased by 0d18 msec/cm distance of conduction (Fig. 2) . This increase has not been observed when stimulating with surface electrodes (McQuillen and Gorin, 1969) . We have required a 9900 probability for a latency to be judged as prolonged. Nevertheless, the limit of normal was lower in our series than in previous studies (Kaeser, 1963 , Thomas et al., 1967 because of rigorous control oftemperature, correction to a standard distance, and matching for age.
Sensory conduction from digits to wrist was normal or borderline in 25% of patients. In these patients exclusion of the segment of nerve from digit to palm with near-normal conduction velocity was the procedure of choice (Buchthal and Rosenfalck, 1971b (Sunderland, 1945) .
The interindividual variation in amplitude of the sensory potential was great, as great when recording with needle (Fig. 6, 11) as with surface electrodes (Mayer, 1963; Kaeser, 1966; Thomas et al., 1967; Sato et al., 1972) . The 990 confidence limit was 30 to 500 of the average. However, only with a needle electrode placed near the nerve could a sensory potential be detected in all patients when electronic averaging was used. In most previous studies surface electrodes were used for recording and sensory potentials could not be recognized at the wrist in 20 to 700% of the patients and were not recorded at the elbow (Kaeser, 1966; Thomas et al., 1967; Kopell and Goodgold, 1968; Hongell and Mattsson, 1971; Sedal et al., 1973) .
When the procedure did not allow a sensory potential to be recorded from the median nerve at the wrist, a normal potential from the ulnar nerve favours the diagnosis of carpal tunnel syndrome. Conversely, abnormalities in the potentials recorded from the ulnar nerve do not exclude a carpal tunnel syndrome, since 15% of our patients also had clinical evidence of ulnar involvement. Sedal et al. (1973) excluded from their group of patients with carpal tunnel syndrome all those with clinical evidence of an ulnar nerve lesion. Nonetheless, in one-third of their carpal tunnel patients they found that in the ulnar nerve mean sensory and motor latency were longer and amplitude of the sensory potentials was lower than in controls. They interpreted their findings to indicate a more generalized neuropathy in these patients.
In our series, excluding 18 patients with clinical evidence of ulnar nerve involvement and three patients with diabetes mellitus, findings in the ulnar nerve did not differ in patients with carpal tunnel syndrome and in normal controls. In both groups there was some evidence of subclinical ulnar nerve lesion above 55 years of age seen in Fig. 11 by the steeper slope of the regression lines relating sensory conduction velocity and amplitude of the sensory potentials to age. We interpret this finding as indicating subclinical traumatic damage to the ulnar nerve rather than evidence of generalized neuropathy.
When both the median and the ulnar nerves were affected, the ratio between findings can obviously be of no diagnostic help. One might wonder why the ratio in most patients with mild involvement of the median nerve did not help more to single out involvement than comparison with findings in normal nerve corrected for age, temperature, and distance. It is true that the ratio more or less excludes errors due to temperature and age. However, the most important error which remains is then that of the measurement of conduction distance. This becomes greater when the ratio is used because two conduction distances enter the calculations.
Proximal to the site of compression, motor fibres were affected differently from sensory. Motor conduction from elbow to wrist was slowed in two-thirds of the patients (Fig. 4) (Simpson, 1956; Thomas, 1960; Ebeling et al., 1960; Kaeser, 1963; Thomas et al., 1967; Buchthal and Rosenfalck, 1971b) , though the slowing was not proportional to the increase in distal latency. Thus a decrease in proximal motor velocity is no evidence against a carpal tunnel syndrome. On the other hand, maximum sensory conduction velocity was normal (Fig. 4) . Also later components of the sensory response conducted at normal rate from wrist to elbow, the increase in temporal dispersion after conduction from wrist to elbow being the same as in normal nerve.
In patients with borderline slowing along the median nerve from digits to wrist and with normal motor latency slowing from palm to wrist was the only way to localize entrapment. Moreover, the faster velocity from digit to palm than from palm to wrist contributes to distinguish entrapment at the wrist from a distal demyelinating neuropathy.
The fact that the same fibres in which conduction was severely slowed from palm to wrist conducted at normal rate proximal to the flexor retinaculum, indicates that the slowing is due to a localized attenuation in the rate of conduction (demyelination) and not to loss of the largest fibres (Fig. 9) . Similarly, the same fibres that showed slowing from palm to wrist conducted faster in the more distal segment of the nerve, though they did not have normal velocity, when slowing across the retinaculum was severe. Mild slowing from digit to palm in the face of severe slowing from palm to wrist could be explained either by the constriction in diameter shown to occur distal to the site of compression (Weiss and Hiscoe, 1948) or by inclusion of a short demyelinated stretch of the nerve in the 8-9 cm long segment from digit to palm. While the slowing thus seems to be due to local demyelination, the low amplitudes (less than one-tenth of normal) found in many patients indicate that there was loss of many fibres as well (Thomas and Fullerton, 1963) .
Increased amplitude of the components of the sensory potential at the wrist at the latency of the slowest components in normal nerve is also compatible with a displacement of the latencies of fast fibres to longer latencies (Figs 5, 7, 8, 13) . Prolonged latency of the slowest components is not necessarily evidence of slowing in demyelinated fibres. It may indicate conduction along incompletely remyelinated or regenerated fibres. That slow components occurred in bursts, the longest latencies of which were longer one month after than before decompression would favour the assumption of remyelination (Fig. 13) . In a number of patients bursts of slow components occurred even before decompression, consistent with remyelination or axonal regeneration even during the state of compression (Fig. 7) .
No attempt was made to localize entrapment at the wrist by comparing electromyographic findings in a distal muscle (abductor pollicis brevis) with those in the finger flexors of the forearm. Electromyographic abnormalities were found in 3000 of the abductor pollicis brevis muscles to which the distal motor latency was normal.
In half the patients a discrete pattern of discharge during full effort indicated loss of many motor units. That this was also found in 300% of muscles with normal force is consistent with an increase in size of surviving motor units by peripheral sprouting. Reinnervation can also explain the prolonged duration and the increased amplitude of motor unit potentials. In none of the muscles was there a decrease in mean duration. This is ofinterest in view ofthe variable findings reported recently by Oosterhuis et al. (1972) . The increased incidence of polyphasic potentials in 60% of the muscles is less specificit can either indicate reinnervation or destruction of fibres in a motor unit.
Fibrillation potentials and positive sharp waves were present in half the muscles; this confirms previous findings (Thomas et al., 1967; Kopell and Goodgold, 1968; Hongell and Mattsson, 1971) . It was the only electromyographic abnormality in 700 of muscles. Fasciculation potentials were seen more often among our patients than among Thomas et al.'s (1967) patients (18% as compared with 8%). In most muscles they were not noticed clinically and were more apt to confuse the electromyographer than the clinician. (Kiloh and Nevin, 1952; Thomas, 1962; Farber and Bryan, 1968; Schmidt and Eiken, 1971) or suddenly as a complication of fracture of the forearm or supracondylar fracture of the humerus (Warren, 1963; Spinner and Schreiber, 1969) . Motor conduction (four patients, Farber and Bryan, 1968; Vichare, 1968; O'Brien and Upton 1972) and distal sensory conduction (one patient, O'Brien and Upton, 1972) were normal. Electromyography of the deep flexors of the fingers in the forearm (seven patients, Stern et al., 1967; Farber and Bryan, 1968; Spinner and Schreiber, 1969; Schmidt and Eiken, 1971; O'Brien and Upton, 1972) showed a reduced interference pattern and fibrillation potentials in some. The common abnormality in our 11 patients was palsy of the deep flexor muscle which acts on the distal phalanx of digits I, II, and often III, associated with electromyographic abnormalities in these muscles. In four patients this was the only abnormality, consistent with a lesion confined to the anterior interosseous nerve.
In seven patients the distribution of the lesion pointed to a more extensive affection of the median nerve: three had abnormal sensory conduction, two had electromyographic abnormalities in the superficial as well as in the deep flexor muscle of the forearm and in the abductor pollicis brevis muscle. In one patient the latency was prolonged to the deep flexor muscle, but electromyographic abnormalities were found also in the superficial flexor muscle. In the last patient motor latencies were prolonged to both the deep and the superficial flexor muscles, but electromyographic abnormalities were confined to the deep flexor muscle.
As compared with entrapment at the wrist, CARPAL TUNNEL SYNDROME When findings were borderline the ratio of findings in the median and ulnar nerve did not add information of diagnostic significance. In 111 patients maximum and minimum sensory conduction velocities were slowed either from digits to wrist or, if these were borderline, from palm to wrist.
In 10% of the patients slowing was confined to the branches of the nerve either from digit I or digit III. In 25% the distal motor latency in the median nerve was normal. In six patients maximum sensory conduction and distal motor latency in the median nerve and electromyography of m. abductor pollicis brevis were normal.
A sensory potential was recorded in all patients, in half it was less than 2 FV. Slowing is due to local attenuation of the rate of conduction rather than to loss of large fibres: The same fast fibres which conducted slowly from palm to wrist conducted 10-20 m/sec faster from digit to palm and at normal rate from wrist to elbow.
In addition to increased temporal dispersion, the low amplitude was due to loss of fibres, [7] [8] [9] [10] [11] [12] [13] .tm in diameter. The sensory potentials recorded in the median nerve were split up into many components, which often appeared in bursts. At the longest latency recorded in normal nerve the slow components were larger than normal, indicating that the responses from fast fibres were displaced to longer latencies.
Fifteen per cent of the patients had clinical and electrophysiological signs of an ulnar nerve lesion in addition to the carpal tunnel syndrome. If these are excluded all of the remaining 96 patients had a sensory conduction along the ulnar nerve, an amplitude of the sensory potential, and a distal motor latency within the 95 and 9900 confidence limits of controls. One or several electromyographic abnormalities were found in 9000 of the abductor pollicis brevis muscles examined including fasciculations in 18% of the patients examined.
ENTRAPMENT AT ELBOW In four patients the lesion was confined to the anterior interosseous nerve with electromyographic abnormalities in 358 group.bmj.com on June 22, 2017 -Published by http://jnnp.bmj.com/ Downloaded from the deep finger flexors of the forearm, although the latency was normal. In seven patients the lesion was localized to the trunk of the median nerve with prolonged latency to or electromyographic abnormalities in the deep and superficial flexors or in both. In three sensory conduction was slowed.
